Background. Extra virgin olive oils are valuable and healthy products, appreciated by consumers. The aim of this study was an attempt to detect adulteration of olive oils available on the Polish market (derived from Greece, Spain, and Italy) according to European Union Commission Regulation No 1348/2013. Material and methods. Ten extra virgin olive oils available on the Polish market were analysed for fatty acids composition, and amount and composition of sterols (including erythrodiol and uvaol) using gas chromatography coupled with a mass spectrometry, and values of extinction coefficients (K232 and K270). The results were compared with the requirements of European Union Commission Regulation No 1348/2013. Results. One of the most efficient methods for detecting olive oil adulteration is qualitative and quantitative analysis of sterols. In certain of the analysed extra virgin olive oils some abnormalities in composition were detected, which may indicate an attempt to falsify the products. One of the methods can detect if extra virgin olive oils have been adulterated, and if they were falsified with the addition of olive pomace oil. Conclusions. Our research proves that consumers are sometimes misinformed and some food manufacturers attempt to sell lower quality products as high-quality products. There is a need to constantly monitor the quality of foodstuffs and provide consumers with access to reliable information on food products.
Introduction
Extra virgin olive oil is the most valuable among all types of olive oils (virgin olive oil, lampante virgin olive oil and also refined olive oil). It has many beneficial nutrients (such as tocopherols, polyphenols, squalene), as well as the highest quality. EVOO (extra virgin olive oil) is extracted from olive fruits either by mechanical or other physical means (e.g. by centrifugation) and it is not subjected to the refining process. Due to those processes the composition of olive oil is not altered and gives a specific smell, delicate flavour and a slightly greenish tinge. Olive pomace oil has lower quality and is produced from the pomace oil by extraction with organic solvents and enriched by addition of virgin olive oil. From the dietary point of view extra virgin olive oil is the most valuable for human consumption. EVOO can be falsified mixing it with other vegetable oils or by adding a lower quality olive oil (Garcia et al., 2013) . In order to protect and ensure the quality of EVOO and its authenticity, the EU introduced Commission Implementing Regulations No 299/2013 and No 1348 (Commission..., 2013a , 2013b amending the Commission Regulation No 2568/91 on the characteristics of olive oil and olive-residue oil and the relevant methods of analysis, which recommended for instance fatty acid profile, sterol concentration and analysis of values of extinction coefficients as parameters to investigate olive oil adulteration.
Detecting adulteration of EVOO by addition of other oils can be performed by checking the composition of triacylglycerols (TAGs) and fatty acids (FA). Falsification of EVOO by addition of VOO (virgin olive oil), LVOO (lampante virgin olive oil), ROO (refined olive oil) is mostly based on some target compounds which belong to olive oil's bioactive compounds, namely chlorophylls, diacylglycerols, esters of FA, straight chain wax esters, sterol components and also TAGs. Methods used to determine the above mentioned parameters, which are recommended by Commission Regulation (EEC) No 2568 No /91... (1991 , are as follows: HPLC, GC, TLC, SPE, spectrophotometric and organoleptic. There is a growing interest in exploring an alternative methodology based on the application like DNA methods, electronic nose and others to detect EVOO adulteration (Aparicio et al., 2013; Garcia et al., 2013) .
The aim of the study was to check the authenticity of EVOO's present on the Polish and European market.
Material and methods
Samples of extra virgin olive oil (derived from Spainproducts Nos, 2, 4, 9, 10, 5, 6, 7, 8) and olive pomace oil (No 11 -derived from Spain) were purchased in Polish supermarkets in 2012 and 2013.
Determination of fatty acids composition by GC-MS
50 mg of olive oil was dissolved in 2 ml of hexane, then vortexed vigorously for 1 min to achieve sample uniformity and 20 µl of the mixture was taken. Transesterification of the samples was conducted at room temperature for 1 h by adding 0.5 ml 2 M KOH solution in methanol (with periodic shaking) and 2 ml of hexane was added. The 3 hexane layer (1 ml) was transferred into a glass ampoule and 0.5 ml of hexane was added. ZB FFAP (30 m × 0.25 mm × 0.25 µm) capillary column was used to separate fatty acid methyl esters with helium as a carrier gas, at a flow rate of 0.60 ml/min. The injector temperature was 230°C, and the column temperature was programmed as follows: 60°C for 4 min, subsequent increase to 230°C at the rate of 4°C/min and maintained for 10 min. The interface temperature for GC-MS was 225°C. The temperature of ion source was 200°C, ionization energy was 70 V. The split ratio was 20 : 1. The total ion control (TIC) was used to detect fatty acids (m/z ranged from 50 to 400). Identification of fatty acids was made on the basis of mass spectral libraries (NIST 47, NIST 147 and Wiley 175), as well as data from literature, and by comparison of their retention times with the authentic standards GLC-85 and FAME Mix GLC-90. The results were expressed as w/w (%) total fatty acid. Three replicates per each sample were analysed.
Determination of sterols concentration by GC-MS
The internal standard 5α-cholestane (100 µl; 0.4 mg/ml) was added to 150 mg of olive oil and was dissolved in 2 ml of hexane, then stirred for 1 min. Transesterification of the samples was conducted at room temperature for 1-2 h by adding 0.5 ml 2 M KOH solution in methanol (with periodic shaking). An aliquot (0.7 ml) of the hexane layer was transferred into a test tube and the solvent was evaporated under the nitrogen. The residue was dissolved in 100 µl of pyridine and 100 µl N,O-bis(trimethylsilyl)trifluoroacetamide with 1% trimethylchlorosilane and stored in the dark for 24 h to complete derivatisation. Then, 1 ml of hexane was added and 1 µl of the mixture was collected for GC-MS analysis.
A ZB-5 ms (30 m × 0.25 mm × 0.25 µm) capillary column was used to separate sterols with helium as a carrier gas, at a flow rate of 1.18 ml/min. The injector temperature was 275°C, and the column temperature was programmed as follows: 65°C for 2 min, subsequent increase to 250°C at the rate of 5°C/min, then to 310°C at the rate of 3°C/min for 10 min. The interface temperature for GC-MS was 260°C. The temperature of ion source was 250°C, ionization energy was 70 V. The total ion control (TIC) was used to detect sterols (m/z ranged between 100-600). The internal standard 5α-cholestane was used to quantify trimethylsilyl (TMS) derivatives of sterols. Identification of cholesterol was made on the basis of mass spectral libraries (NIST 47, NIST 147 and Wiley 175), as well as data from literature, and by comparison of the retention time with authentic standard of cholesterol (Sigma-Aldrich Chemie GmbH, Germany). Three replicates per each sample were analysed.
Determination of specific extinction at 232, 270 nm and ΔK
About 0.25 g of the filtered sample was weighted in a volumetric flask (25 ml) and solved in hexane. Next, a measurement of ultraviolet absorbance at 232 and 270 nm was performed using Shimadzu UV 160 UV-VIS Spectrophotometer apparatus. Three replicates per each sample were analysed.
Determination of the appropriate optical density (extinction coefficients) at different wavelengths was carried out: Kλ -the specific optical density at a wavelength of λ, Eλ -the optical density at a wavelength of λ, c -concentration of the solution per 100 ml (g), s -the thickness of the glass cuvette (cm).
Determination of ∆K:
Km -the specific optical density of the wavelength (m).
Data analysis
The results were statistically analysed using STATISTICA 8.0 software. To determine the significance of the differences between the mean samples Tukey's test was used, at the significance level of p = 0.05.
Results and discussion

Fatty acids composition
In ten EVOO's (Nos. 1-10) and one olive pomace oil (No 11) 13 different fatty acids were determined (Table 1) . The most abundant fatty acid in all the analysed olive oil samples was oleic acid and it ranged from 66.52 to 77.08%. According to the Regulation No 1348/2013 (Commission..., 2013b) the limit of this acid should be between 55.00-83.00 for EVOO. Palmitic and linoleic fatty acids content ranged between 11.33-15.02% and 4.73-12.45%, respectively. Limits of the palmitic and linoleic acid in EVOO according to Regulation No 1348/2013 (Commission..., 2013b) were 7.50-20.00% and 3.50-21.00%, respectively. The sum of the rest of fatty acids determined in EVOO and olive pomace oil did not exceed 6%. Content of palmitoleic fatty acid ranged from 0.72 to 1.56% in all the investigated samples and did not exceed the requirements of the Regulation No 1348/2013 (Commission..., 2013b) -3.50%. The content of stearic acid in olives samples was between 2.51-3.75% and was lower than limitation presented in the Regulation -5.00%. In EVOO linoleic fatty acid content was between 0.56-0.63% and in olive pomace -0.34% and it should be lower than 1%. Van Wetten et al. (2015) in their studies found a similar percentage of fatty acids. In their studies, the percentage of oleic acid in EVOO was between 64.9-78.5%, linoleic acid -5.7-12.8% and palmitic acid -0.6-1.8%. Results analogous to these presented in our study were obtained by Christopoulou et al. (2004) . They found that the percentage of arachidonic acid in EVOO was 0.48%, behenic acid -0.15% and lignoceric acid did not exceed 0.06%. Also Krichène et al. (2010) found that linolenic acid content in Tunisian olive oils ranged between 0.59-0.79%. 
Sterols composition
All the test oils were characterized by a high amount of β-sitosterol, which ranged from 93.15 to 95.08% of the sterol fraction and should be not less than 93.0% (Table 2) . Campesterol content should not exceed 4.00%. Only three of olive samples: Nos. 1, 4 and 9 fulfilled this condition. The biggest exceeding of this limit occurred in olive pomace oil. The content of stigmasterol ranged from 0.55 to 1.82%. The Regulation suggests that it should not exceed the content of campesterol. In all the samples Δ7-stigmasterol was detected and ranged from 0.14 to 0.50% and did not exceed the limits stated in the Reg-6 .., 2013b) establishes that cholesterol content in EVOO should not exceed 0.50% and brassicasterol -0.20%. Moreover, the total content of sterols in EVOO should be higher than 1000 mg per 1 kg of oil and 1600 mg per 1 kg in olive pomace oil. In samples Nos. 1, 3, 5, 6, 10 the total content of sterols was near 1000 mg/kg. In other EVOO's it was higher than 1000 mg/kg, but the product met the conditions of the Regulation, because the total content of sterols in olive pomace oils was lower than 1600 mg/kg. In Table 3 the percentage of sum of erythrodiol and uvaol in overall sterols fraction was presented. The level of the compounds can indicate adulteration of high quality olive oils addition of oils of the following types: olive pomace oils, crude and refined olive pomace oil. According to the Regulation No 1348/2013 (Commission..., 2013b) the level of erythrodiol and uvaol in the sterols fraction of EVOO, VOO, lampante, refined olive oil and olive oil composed of refined and virgin olive oils should be ≤ 4.5%. In samples of EVOO Nos. 2-10 the total erythrodiol and uvaol content ranged from 1.70% to 3.73%, and did not exceed the limit established by the Regulation. The obtained results of the determination of erythrodiol and uvaol in EVOO No 1 and olive pomace oil No 11 (4.70%) differ statistically significantly from the remaining olive oil results and can indicate that EVOO No 1 might have been adulterated by an addition of olive pomace oils, crude, refined olive pomace oil or other oils (Fig. 1) . Cunha et al. (2006) determined β-sitosterol in Portuguese olive oils and its content was between 49.00-187.00 mg in 100 g. Another abundant phytosterol in sterols Sakouhi et al. (2010) investigated that content of 24-methylene cycloartenol in Tunisian olive oils was higher reaching 14.60-17.30 mg in 100 g. The content of Δ5-avenasterol in the analysed olives was between 5.94 (sample No 9) and 13.17 (sample No 1) mg in 100 g and was not so varied as it was described by Aparicio and Aparicio-Ruiz (2000) -3.00-26.50 mg in 100 g. Sakouhi et al. (2010) found that the level of cycloartenol in olive oils can reach 75 mg in 100 g. Lukic et al. (2013) determined almost the same range of campesterol content (2.80-3.36 mg in 100 g) in Croatian olives.
Determination of extinction coefficient K232, K270 and ΔK
According to the Regulation No 1348/2013 (Commission..., 2013b) extinction coefficients K232 and K270 for EVOO should be ≤ 2.5 and ≤ 0.22, respectively and ΔK should be ≤ 0.01. In the olive pomace oil sample the investigated coefficients of K232 and K270 were 2.96 and 1.05, respectively, and ΔK was 0.077. These results were higher than the results presented for EVOO (Table 4) (Table 4) . Similar results of extinction coefficient obtained Rigane et al. (2013) and described that the extinction coefficients for Tunisian EVOO ranged from 1.78 to 2.35 for 
Conclusions
Our study on the authentication of extra virgin olive oils available on the Polish market was based on analyses of some parameters (fatty acids profile, sterols content and extinction coefficient K232, K270 and ΔK), which values are described in the Commission Implementing Regulation (EU) No 1348/2013 of 16 December 2013 amending Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of analysis (2013b). The Regulation provides the values of fatty acids profiles, sterols content and extinction coefficient K232, K270 and ΔK, which are adequate for extra virgin olive oils and other categories of oil, e.g. olive pomace oils. The results of fatty acids composition of analysed extra virgin olive oil did not show any abnormalities of standards values specified by the Regulation. On the basis of the sterols content determination it was proven that extra virgin olive oil No 1 was falsified, because the erythrodiol and uvaol content should be ≤ 4.5% and the result was 5.32%. Two extra virgin olive oil samples included in the current analysis showed levels of K232 and/or K270 values higher than expected for this category of olive oil or other oils presented in Regulation No 1348 (Commission..., 2013b . The aim of the study was reached, because our research proves that sometimes consumers are misinformed and some of food manufacturers want to sell lower quality products as high--quality products, like extra virgin olive oil No 1 available on the Polish market. There is a need to constantly monitor the quality of foodstuffs and provide consumers with access to reliable information on food products.
